In a recent contribution, Haddon and Buchbinder introduced a new shear velocity model for the lower mantle which, combined with effects of velocity inhomogeneity at the base of the mantle, they concluded to be consistent with observed SH arrivals preceding the core reflected phase ScSH at distances beyond 70 ø. Using Kirchhoff wave theory, they computed synthetic waveforms for the radially symmetric version of their model (which has a 1.4% discontinuous velocity decrease at 2300 km depth) that seem to match some SH data, even without allowing for lateral heterogeneity. However, synthetic waveforms for this model computed using generalized ray theory and reflectivity do not match the Kirchhoff synthetics or the data, casting doubt upon the conclusions drawn in their study. Earlier models by Lay and Helmberger, involving a 2.75% discontinuous velocity increase at a depth of about 2600 km, require only slight modification in order to match all of the SH wave observations.
Introduction
Based on detailed synthetic waveform modeling of observations of a separate arrival between SH and ScSH in the distance range 70-82 ø and of $H waveform distortions in the range 89-92 ø, Lay and Helmberger [1983] proposed the existence of a 2.75% abrupt shear velocity increase about 280 km above the core-mantle boundary. A subsequent study [Young and Lay, 1987 ] has added to the S wave data set and strengthened the hypothesis that such a velocity increase occurs on a global scale. Haddon and Buchbinder [1986] , noting variations in amplitude of the arrival intermediate to SH and ScSH for distances less than 78 ø, have explored alternate lower mantle velocity models using synthetic waveform calculations to determine whether the intermediate arrival can instead be interpreted as an effect of wave propagation in the inhomogeneous layer, designated D", at the base of the mantle. The evidence for significant heterogeneity in D" is strong [Sacks et al., 1979; Sengupta et al., 1981; Haddon, 1982; Clayton and Comer, 1983; Dziewonski, 1984] and it is reasonable to assume that the heterogeneity will introduce scatter into the amplitudes and travel times of phases traversing D". However, in order to match the SH wave observations, which have an extra discrete arrival, Haddon and Buchbinder [1986] still require a discontinuous radial structure to provide this extra arrival which is then augmented or diminished by focusing and scattering from lateral heterogeneity within D". Their basic radial model, D1 (Figure 1 ), corresponds to accepted radially symmetric reference models (e.g. JB) down to 2300 km where it has an abrupt 1.4% decrease in velocity, followed by a linear velocity increase which extends to the coremantle boundary. Because the averaged velocity structure of model D1 is not equivalent to any accepted radial reference Earth model, D1 does not accurately predict the travel times for lower mantle phases such as ScS. Nevertheless 
SS(t) = S(t) * M(t) * E(t) where SS(t) is the synthetic seismogram, S(t) is the convolution of the receiver and attenuation terms, and E(t) is the source term (in this case a step function).
The step responses in the distance range 72-84 ø for the SLHO profile show three sub-steps due to the Sab, Scd (indicated by arrows), and ScS arrivals. The arrivals move through and interfere with each other in the range 84-88 ø and beyond 88 ø there are only the two arrivals, Scd, which has crossed in front, and Sab. The large amplitude of the Sab arrival beyond the crossover distance in these steps leads to a large secondary arrival in the synthetic seismograms which Schlittenhardt et al. The synthetics were calculated using reflectivity theory with a source depth of 580 km. do this. We do not feel that the precise velocity gradient above the discontinuity is particularly diagnostic of the D" discontinuity models because it is poorly constrained by our method of modeling. Lateral heterogeneity in D" probably does account for amplitude and travel time variations of the S wave arrivals, but it appears that if deep mantle structure is responsible for this complexity, a concentrated velocity increase is required to match the data. Alternate possible explanations of these data as the result of diffraction by slabs penetrating into the lower mantle have yet to be fully explored.
Conclusions
The proposed model, D1, of Haddon and Buchbinder [1986] does not seem to provide a viable explanation for SH data at distances beyond 70 ø . Even allowing for lateral heterogeneity, which we would agree affects the data set, a different sort of model is required to account for the additional arrivals and waveform distortions seen. The SH wave observations [Lay and Helmberger, 1983; Lay, 1986; Young and Lay, 1987 ] have yet to be adequately explained by structures that do not have deep mantle abrupt shear velocity increases. With a slightly revised model, SYL, it is possible to fit SH data beyond 95 ø which could not be fit by model SLHO. The size and depth of the shear velocity increase are fairly well constrained, the abruptness of the increase and the velocity gradient beneath it are less so, and the velocity gradient above it is poorly constrained.
